The benthic invertebrate fauna and the stomachs of brown trout and river blackfish in a section of the Aberfeldy River, Victoria, were sampled regularly from October 1971 to November 1972. The ranges of food organisms utilized by the two species were very similar as were the proportions of the different food categories. Kendall rank correlation coefficients indicated that the diets of the two fishes were similar on all but the July sampling date. Due to apparent differences in habitat preferences this similarity in diets may be regarded as giving rise to indirect competition.
Introduction
Contention exists as to whether the introductions of two salmonid species, brown trout (Salmo trutta Linnaeus) and rainbow trout (S. gairdneri Linnaeus), into rivers of Australia's south-eastern highlands have deleteriously affected the native fish fauna (Frankenberg 1966; Weatherley and Lake 1967; Lake 1971) . Circumstantial evidence suggests that members of the Galaxiidae are susceptible to displacement by trout (Frankenberg 1966) . Recent evidence (Tilzey 1976) appears to substantiate this earlier claim. However, information on the relationships between trout and native species is lacking and in particular little precise information is available on the feeding relationships.
In this paper the results of a 12-month survey of the invertebrate fauna and of the stomach contents of brown trout and river blackfish (Gadopsis marmoratus Richardson) sampled in a section of the Aberfeldy River, Victoria, are described. Data are presented to indicate possible differences in habitat preferences between the two species. These results have been used to examine the feeding relationships of trout and river blackfish.
The Aberfeldy River
From its source (altitude 1200 m) on the southern slopes of the Great Dividing Range, the Aberfeldy River follows a southerly course for approximately 48 km before joining the Thomson River. The terrain is severe and the entire catchment is covered with eucalyptus forest in which the dominant tree and understorey species change with altitude and slope exposure.
A section of river (37"40tE., 146O23'S.) about 11 km from the source was chosen for study. The river in this area was surveyed at the commencement of the study and could be divided into a number of homogeneous sections with characteristic depths and current velocities. The classification of these water types (modified after Allen 1951) has been discussed in detail (Jackson 1975 The width of the river varied from 5.7 to 10.2 m. The substrate was predominantly shingle, here defined as a mixture of sand and stones, the largest of which did not exceed 50 cm in diameter. A more detailed sediment size analysis of this substrate, after the method suggested by Cummins (1962 Cummins ( , 1966 , is given in Jackson (1975) . This substrate constitutes 67 % of the stream bed; it was dominant in all but the pools where sand and mud predominated.
Water temperatures during the study period ranged from a maximum of 22.0°C in January to minima of 3.5"C in April and May.
Brown trout was the most abundant fish species present. When the species was first introduced is uncertain, but trout (about 4000) were last released into the Aberfeldy River between 1938 and 1945 (B. R. Tunbridge, personal communication) and there are no records of any further stockings. Since then the population has been self-sustaining. The river blackfish occurs in small numbers throughout the Aberfeldy River. A few short-finned eel (Arzguilla australis Richardson) were captured but were not examined.
Materials and Methods

Benthic Samples
The benthic macro-invertebrate fauna was collected with a Surber sampler (Surber 1937) which sampled an area of 900 cm2 to a depth of 5 cm. The net bag had an individual mesh size of 250 pm. Sampling was restricted to the shingle substrate and to the water types in which this was the dominant bed type-the cascades, riffles, runs and flats. Monthly sampling was carried out on a typical riffle from 20 October 1971 to 2 November 1972 with additional sampling on a cascade, run and flat water type on 23 December 1971 and 6 June 1972. On each sampling date five random samples were taken from the water type.
The total content of the Surber net was washed into a polyethylene bag and preserved in 10% (v/v) formalin. In the laboratory, the invertebrates were separated from inorganic sediments by repeated flotation (five times) in a saturated solution of calcium carbonate. The invertebrates were then separated manually from organic debris before being identified as completely as possible and counted under a low-power binocular microscope. The residual inorganic sediments were sorted for molluscs and encased trichopterans.
Results were transformed to logarithms to approxinlate a normal distribution. The mean of the transformed counts (7) is given by j = (Z log x)/n, where n is the number of sampling units and x is the number of individuals in each unit. The 95% confidence limits for 7 are p + t.t/(variance of transformed countsjn) (Elliott 1970) , where t is found from Student's t-distribution tables
Stomach Samples
Analysis of diets was based on the examination of stomach contents of fish sampled at 2-monthly intervals from 15 October 1971 to 12 October 1972. All specimens were captured using a 240 V d.c. electrofisher (Moore 1968) . The fish were killed immediately after capture, the length and weight recorded and the alimentary tract removed, labelled, and preserved in 10% (v/v) formalin.
In the laboratory the contents of the stomachs were examined under a low-power binocular microscope and individual organisms identified as completely as possible. The numbers of individuals of each food type in each stomach were then counted and summed for each sample.
The stomach contents were also evaluated by an approximate volumetric method, the rank method (Pollard 1973) . The individual food items were first grouped into 17 major food categories, which were then ranked in order of preponderance according to a subjective estimate of their relative volumes in each stomach. Each food category was then awarded a preponderance score, equal to the largest number of food categories present in any one stomach, plus one, minus its rank. Finally the sum of the individual scores for each category for the entire sample was expressed as a percentage of the total scores for all food categories in the sample.
The degree of similarity between diets (assessed by the rank method) of pairs of samples was measured using the non-parametric Kendall rank coefficient, z (Siegel 1956 ). The significance of 7 was tested using a normal approximation to test the null hypothesis that the true value of 7 = 0, using the formula given by Siegel (1956) ,
where N is the number of food categories. The significance of z was determined by reference to a table of areas of the normal curve. Probability values greater than 0.05 were considered to indicate dissimilar diets. From 0.05 to 0.01 the diets were considered to be similar and for probabilities less than 0.01 the diets were considered very similar (cf. Cadwallader 1975) .
Habitat Preferences
The basic habitat units were the five water types defined during the stream survey. All sampling was done during daylight hours between 30 January and 18 April 1973 using the portable electrofisher. For each water type stop nets were used to delineate the upstream and downstream limits and the section fished thoroughly. All fish captured were identified and counted. The surface area of each section was determined and the abundance of each species expressed as the number of fish captured per square metre. For each section the mean depth and mean surface current velocity was determined. The amount of cover in the form of submerged logs, undercut banks and overhanging rock was estimated as a percentage of total bank length and the area of any masses of wood debris determined as a percentage of total area.
The relationship between the density of trout and river blackfish and these parameters was examined using stepwise multiple regression analysis (Sokal and Rohlf 1969) .
Results
Benthic Fauna
The invertebrates recorded from the benthos during the study (Table 1) show that the fauna is dominated by immature stages of insects of various orders. Ephemeroptera, Trichoptera, Diptera and Coleoptera are the most abundant. The larvae of the dipteran family Ceratopogonidae and the ephemeropteran Atalophlebioides sp.
together constitute more than 60 % of the fauna.
Seasonal variations in the total benthos and in the 12 most abundant forms in the benthos (Table 2) were calculated from five random samples taken from the riffle water type. Confidence limits for the total benthos per square metre varied between 30 and 50%; for individual forms the limits were considerably wider than this, up to 200 % in some cases.
A comparison of the benthic faunas in the four water types (Table 3) shows the percentage by numbers of all invertebrate groups at each water type. The results (Table 4) . On both sampling dates the riffle and cascade types contained more invertebrates per square metre than run or flat water types. The differences were more marked on 6 June 1972 and were due largely to the high numbers of Atalophlebioides sp. and Ceratopogonidae in these water types.
Composition of the Diet
Details of the fish in each sample are given in Table 5 .
Numerical method
The overall percentage compositions of the diets of trout and river blackfish calculated from the combined results of samples taken between 15 October 1971 and 12 October 1972 are shown in Table 6 .
Rank method
The percentage compositions of the diets of trout and river blackfish as determined by the rank method are shown in Table 7 . The invertebrates shown in most of the food categories listed have already been outlined in Table 6 . Coleoptera A contains the two surface-dwelling groups Dytiscidae and Macrogyrus sp., and Coleoptera B contains all benthic Coleoptera.
Seasonal Variation in Diets
To examine the similarity of the diets of trout and blackfish at different times of the year the results of stomach analysis by the rank method at each sampling date were compared using Kendall's rank correlation coefficient (Table 8 ). The diets of trout and blackfish at each sampling date are shown graphically in Fig. 1 . Due to the small sample sizes, particularly of blackfish, no attempt has been made to separate the results into different size groups.
Habitat Preferences
The numbers of trout and river blackfish captured in each of the 62 stream sections sampled are shown graphically in Fig. 2 . Multiple regression analysis for the numbers of trout against the physical parameters measured is shown in Table 9 and for river blackfish in Table 10 . Variable 0 is the constant, variable 1 the mean depth, variable (Tables 9a and 10a ) the regressions were recalculated eliminating variables 1, 3 and 4 (Tables 9b and lob). I; tests showed that the elimination of these variables did not cause a significant increase in the sum of the squares (Tables 9c and 10c ) and they were therefore ignored. A significant positive relationship was found between the numbers of trout and variable 2, the mean current velocity; the regression equation for this relationship is where Y is the number of trout and X2 is the mean current velocity. A significant negative relationship was found between the numbers of river blackfish and variable 2, and the regression equation for this relationship is Y = 3.971 -0.0371 X 2 .
Discussion
Benthic Fauna
The total numbers of invertebrates in the benthos (Table 2 ) reached a maximum in late autumn (February to May) and minima during spring and early summer (November and December). Variations in the mean numbers of the 12 most abundant forms show some evidence of seasonality. This is most markedly shown in the ephemeropterans Atalophlebioides sp., Baetis sp. and Tasmanocoenis sp., the chironomid Tanypodinae and the coleopteran larvae Helodidae. However, it is difficult to draw any general conclusions as many of the invertebrate groups consisted of several species and these could be expected to exhibit a number of different life cycles.
All of the major invertebrate groups occurred in each water type. Those occurring only in some water types formed less than 0.1 % of the total benthos. In general the proportion of the major invertebrate forms in the four water types is very similar. The greatest apparent difference is the abundance of Tasmanocoenis sp. and Leptoceridae in the run water type.
Composition of the Diet
The range of food items eaten by the two species (Table 6) is very similar, benthic invertebrates forming the major portion of the diets. Numerically, the most important single item in the diets of both species was Atalophlebioides sp. which formed 23 a4 % of the total diet for trout and 49 a 8 % for river blackfish.
The rank method of analysis (Table 7 ) also shows the importance of benthic invertebrates in the diet (tt out 75 5 % and blackfish 79.4 %), terrestrial material forming 17 -4 % of the diet in trout and 16 8 % in river blackfish. The benthic portion of the diet of both species is dominated by the dipteran, ephemeropteran and plecopteran categories (trout 60.8 % and river blackfish 48.9 %).
Seasonal Variation in Diet
The major food categories (Diptera, Ephemeroptera, Plecoptera and terrestrial invertebrates) are important in the diets of trout and river blackfish on each sampling date (Fig. 1) . The most consistent difference in the diets is the greater importance of trichopteran larvae in the diet of river blackfish. Kendall rank correlation coefficients for comparisons of diets on each sampling date (Table 8) indicate that only in July could the diets be considered dissimilar. On five of the remaining six sampling dates the diets were very similar.
Forage ratios
The forage ratio (Hess and Swartz 1941) or the 'availability factor' (Allen 1941 (Allen , 1942 is the ratio of the percentage of a particular prey species in the food of the fish to its percentage in the fauna. If the ratio is unity there is no selection but if the ratio is more or less than unity then the prey species is being preferentially selected or rejected. Critics of the concept (e.g. Maitland 1965 ) argue that high ratios may occur for reasons other than selectivity, for example, if the fish are feeding in an area having a percentage composition of benthic species different from that of the area being sampled. In the present study all the major invertebrate groups occurred in similar proportions in each of the four water types and errors from this source shouId be minimal. The concept is particularly useful for demonstrating differences in feeding habits (Hynes 1970) .
Small sample sizes did not justify a detailed examination of forage ratios; instead overall forage ratios have been calculated by pooling the results for both the benthos and the stomach samples for the entire sampling period. For each species the percentage contribution by numbers of each invertebrate group recorded in the benthos and in the stomachs is shown together with the calculated forage ratios (Table 11) .
For trout the dominant items (numerically) in the benthic component of the diet, i.e. Atalophlebioides sp., Baetis sp. and larvae of the trichopteran family Rhyacophilidae, all have ratios greater than one. Both ephemeropterans are active nymphs, feeding on the surface of stones and are consequently readily available to trout. Rhyacophilidae larvae, although largely sedentary, attach their cases to the upper surface of large stones and boulders and would also be readily available. Other high forage ratios were obtained for various plecopteran nymphs (particularly Gripopterygidae and Leptoperla neboissi), trichopteran larvae (particularly Limnephilidae and Helicopsychidae), the coleopteran adults of the Helminthidae and the larval Psephenidae, and the nematomorphan larvae of Gordius sp.
Forage ratios of less than one were obtained for all groups of dipteran larvae.
This is particularly noticeable with Ceratopogonidae which forms 39.8 % of the total benthos but only 0.8% of the diet. Evidentally the burrowing habits of the larvae make them relatively inaccessible to trout. For river blackfish high forage ratios were also obtained for active nymphs such as Atalophlebioides sp. and Baetis sp. and plecopteran larvae of Eustheniidae, Grypopterygidae and Leptoperla neboissi. Low forage ratios were obtained for nearly all groups of dipteran larvae, the aquatic Oligochaeta Naididae and the ephemeropteran nymph Tasmanocoenis sp.
Habitat Preferences
Although sample sizes are small and taken only during daylight hours, differences in the distributions of the two species are quite marked (Fig. 2) . Trout show a continuous distribution whereas river blackfish are limited almost entirely to the flat and pool water types. Trout show a positive correlation with increase in current velocity whereas river blackfish show a negative correlation. Much of the controversy as to what is evidence of competition/ for food between fish species stems from different interpretations of competition (Weatherley 1972) . The definition accepted in this study is : 'Biological competition is the active demand by two or more individuals of the same species population (intraspecies competition) or members of two or more species at the same trophic level (interspecies competition) for a common source or requirement that is actually or potentially limiting' (Miller 1967 Includes all unidentifiable items and organic debris.
In the Aberfeldy River the diets of trout and river blackfish were found to be essentially similar, both in the range of food items eaten and in their relative importances. Kendall rank correlation coefficients for comparisons of the diets of the two species-on each sampling date showed that for all but two dates the diets could be considered very similar. By the definition used in this study trout and river blackfish must be considered competing for food. Competition may, however, be less than that shown by analysis of stomach contents if direct competition (i.e. competition in which there is direct contact between individuals) is reduced by differences in feeding behaviour.
In its native habitat the brown trout is essentially a visual feeder (Frost and Brown 1967) and feeds on benthic, mid-water and surface organisms (Mann and Orr 1969) . Fry feed mainly on drift whereas older fish tend to seek more bottom food, although the habit of drift feeding occurs throughout life (Frost and Brown 1967) . In Australia trout have not developed food habits which distinguish them from their ancestral stock (Weatherley and Lake 1967) . The present study confirms this, since surface food in the form of terrestrial invertebrates formed a large part of the diet and high forage ratios were obtained for active aquatic invertebrates likely to occur in the drift. The feeding habits of river blackfish are less well understood. The only published work is that of Butcher (1945 Butcher ( , 1946 brates formed 84 % of the total diet and terrestrial invertebrates 16 %. The mode of feeding is not known. The results of the present study indicate that they do, to some degree, feed in the water column as terrestrial invertebrates and two surface dwelling coleopterans formed a significant portion of the diet of river blackfish. In addition high forage ratios were recorded for active larval forms which are likely to occur in the drift. However, there appear to be marked differences in habit preferences between trout and river blackfish in sections of the Aberfeldy River, river blackfish preferring the slower flowing areas. Parrish (1966) suggested that river blackfish are bottom dwellers and, in mountain streams at least, occupied a similar niche to the cottids in trout waters of the northern hemisphere. Certainly, they do show some adaptations, such as a generally arched dorsal profile, ventrally placed mouth, and dorsally located eyes-characteristics usually associated with a benthic mode of life (Hynes 1970 ). To summarize, the diets of trout and river blackfish in the Aberfeldy River are essentially similar and by the definition used in this study competition for food must be occurring. Direct competition may be avoided by utilization of different habitats. " Less than 0.1 %.
